In order to serve the facilities to be installed at the recreation area, the Commonwealth wishes to obtain a suitable supply of ground water from sources either on Horseneck Beach or on Gooseberry Neck, a small island nearby. It is understood that the Commonwealth will need no more than 170,000 gpd (gallons per day) of fresh water for its facilities at Horseneck Beach during the period June-September and that the average rate of use will be about 150,000 gpd. An artificial causeway links the southeast end of Horseneck Beach to Gooseberry Neck, a small island farther offshore composed of glacial drift. In shape, Gooseberry Neck is irregular and is elongated in a southerly direction. The main body of the island is moundlike. Its surface is uneven and most of it is between 10 and 20 feet above sea level. The southern and north-central coasts of the island are low, flat, and marshy. Gooseberry Neck is about seventenths of a mile long and one-tenth to two-tenths of a mile wide.
Its area is about one-tenth of a square mile.
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GEOLOGIC UNITS AND THEIR WATER-BEARING CHARACTERISTICS
With respect to their water-bearing characteristics, the rocks in the Horseneck Beach-Gooseberry Neck area are described below under two main categories: the consolidated rocks, hereafter referred to as bedrock, and the unconsolidated deposits. The unconsolidated deposits differ considerably in their hydrologic properties. Water is contained in openings between constituent grains, and permeability and porosity are determined chiefly by grain size, sorting, and packing. In general the permeability of coarse materials such as sand or gravel is large, especially if the materials are well sorted.-^ In contrast, the permeability of fine-grained materials such as silt and clay is small, even though they may be relatively porous.
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Glacial Drift
The glacial drift in this area consists mostly of till, which is a mixture of rock materials of all sizes deposited by glacial ice and characterized by poor sorting and little or no stratification.
It crops out only on Gooseberry Neck, where it forms the bulk.of the unconsolidated deposits. If present in Horseneck Beach it is buried by younger deposits from which it cannot be differentiated on the basis of the few existing well logs. Some of the wells on Gooseberry
Neck reportedly penetrate deposits of sand and gravel. These may be local lenses of stratified, sorted material enclosed within the till.
The glacial drift probably is less than 25 feet thick in most places.
It overlies bedrock and in turn is overlain by a thin superficial mantle of lag gravel and beach sand.
The water-bearing characteristics of the glacial drift differ somewhat from place to place. Till, because it is poorly sorted and contains a large proportion of fine-grained material, has a low porosity and permeability. The lenses of sand and gravel may have a relatively high porosity and permeability. Considered as a unit, however, the glacial drift in this area consists mostly of till; therefore, its average porosity and permeability are low, and it neither stores nor yields much water. Shallow dug wells furnish enough water for domestic use to a few of the homes on Gooseberry Neck, but the sustained yield of these wells probably does not exceed a few gallons per minute. In general the beach sand is relatively porous and permeable; it stores an appreciable amount of water and should yield water rather freely in most places. Information on test borings Westport 37-48
indicates that at the site of these borings the uppermost part of the beach sand is "loose," but below a depth of 10 feet the sand becomes increasingly compact. If this condition is general, the uppermost several feet of material may constitute the most permeable part of the beach sand nearly everywhere.
-8-Of 10 small-diameter test wells penetrating the beach sand and perhaps also the overlying dune sand 2 were reported to yield no water; the yields of the others ranged from 7 to 60 gpm. The average yield of the group was about 15 gpro and the median yield was between 8 and 15 gpnu These data suggest that the permeability of the sand is not uniform or that some wells are better developed than others. Nevertheless, properly constructed and developed wells in the beach sand are expected to yield small to moderate amounts of water in most places* Because the marine deposits underlying the beach sand in the area tested by wells Westport 24-26 consist partly of silt and clay and partly of tightly packed sand and gravel, which in wells Westport 24 and 26 also contains clay, these deposits probably are relatively impermeable. This conclusion is supported by the driller's record, in which water in these deposits is not mentioned.
Dune Sand
The dune sand is restricted to Horseneck Beach. It overlies beach sand and is practically indistinguishable therefrom. The known thickness of the dune sand ranges from less than 1 to about 40 feet.
The water-bearing characteristics are similar to those of the uppermost beach sand. In general the bedrock and the unconsolidated deposits underlying the beach and dune sand are expected to yield but small amounts of water,
Furthermore they lie at such depths that they probably contain only salty water.
Recharge, Discharge, and Storage
Recharge, or the addition of water to the ground-water reservoir, in this area normally occurs only by the infiltration of precipitation.
Because the beach and dune sand is relatively permeable it absorbs a large part-of the precipitation, and only a small part runs off directly to the sea. Some of the water absorbed by the soil is retained there, and the remainder percolates downward to the ground-water reservoir.
During exceptional storms, when Horseneck Beach is flooded by sea water, recharge by the infiltration of the sea water also may take place.
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Wesfpor'1 Harbor that is, about 20 inches of the precipitation is returned to the atmosphere by evaporation and transpiration. The residue, about 25 inches, is the average net amount of water available for recharge annually. As pointed out earlier, direct runoff from Horseneck Beach is believed to be very small; therefore recharge may approach 25 inches. Applying this amount to the area of Horseneck Beach proper, which is about nine-tenths of a. square mile, the average effective recharge should approximate 400 million gallons per year, or about 1,1 mgd (million gallons per day).
-13-Ground water is discharged mainly by effluent seepage to the sea* In addition it is discharged by evaporation, especially from the marshes and along the beach, and by transpiration from the vegetation that covers most of the area. The discharge by evapotranspiration is assumed to be included in the 20 inches mentioned previously; thus the estimated net recharge of 25 inches is assumed to be disposed of entirely by effluent seepage.
The position of the water table and the volume of fresh ground water in storage fluctuate with changes in the ratio of recharge to discharge.
When the ground-water reservoir is replenished, the water table rises and the fresh-water body enlarges if the rate of recharge exceeds the rate of discharge. At the same time, owing to the increased head, the discharge of fresh water by effluent seepage increases. When recharge ceases, discharge by seepage continues, but at a decreasing rate; the water table falls and the fresh-water body becomes smaller. During a so-called "normal" year, recharge takes place chiefly during the fall, winter, and early spring months. The water table usually reaches its highest position and the volume of the fresh-water body is greatest during this period.
Conversely, during the growing season, in late spring, summer, and early autumn, recharge is relatively small, partly because some of the rainfall is intercepted in the soil zone and returned to the atmosphere by evapotranspiration and partly because the monthly rainfall usually is less than during the rest of the year. Also, during the growing season some ground water is discharged by evapotranspiration. Accordingly, the water table usually reaches its lowest position during the summer or early autumn, and the volume of the fresh-water body then is smallest. Owing to the relatively high porosity and permeability of the beach and dune sand the magnitude of water-level fluctuations is expected to be relatively small. The use of a ground-water reservoir such as that described above for Horseneck Beach presents a twofold problem: first, whether the amount of fresh water is adequate to satisfy the requirements of the user; second, the fresh water must be withdrawn in such a manner as to avoid inducing encroachment of salty water.
The State will need about 150,000 gpd of fresh water for its facilities at Horseneck Beach during the 4-month period June-September.
As this period coincides roughly with the growing season y during which little recharge normally takes place, practically all the water must be taken from storage* It is readily apparent that, under these conditions,
(1) the amount of water in storage must be sufficient to supply the summer demand; (2) the amount of recharge during the remainder of the year must be sufficient to replace the sumoer draft; and (3) Earlier in this report the average annual effective recharge to the fresh-water body was estimated to be roughly 400 million gallons.
If so, the amount of recharge is so much in excess of the anticipated summer draft that the fresh-water body probably would be fully replenished each year.
-16-Assuming that the annual recharge is sufficient to replace the anticipated vdthdrawal, there remains the problem of making the withdrawal without drawing salty water into the wells* To prevent contamination by the movement of salty water from below, wells should be kept as shallow as possible and the water levels in them should not be drawn down to or below mean sea level for more than short periods. To prevent lateral encroachment of sea water, a water-table divide at a level higher than mean sea level must be maintained between the shore and the point or area of withdrawal.
Accordingly, withdrawals should generally be made as far inland from the shore as possible and in places where the water table is highest*
The most suitable installations would be large-diameter shallow wells or horizontal collecting galleries extending only a few feet below the water table* If collecting galleries were used, some of them also might be installed just above mean sea level parallel to and near the shore so as to intercept by gravity flow the ground water, moving toward the shoreline* -17-Under the conditions described above only a part of the total recharge can be recovered. Whether enough of it can be recovered to meet the needs of the State cannot be resolved on the basis of the scant existing data. However, if slightly salty water containing, say, as much as 2,000 ppra of chloride, were acceptable for showers, toilets, and fire protection, the probability that the ground-water reservoir would meet the requirements of the State would be greatly increased. For example, at one end of the island the reservoir might be developed only as needed to provide enough potable water for human consumption. Meanwhile, without the restriction imposed by the need for completely avoiding salty water, the reservoir might be developed much more intensively at the other end of the island to provide enough water for sanitary facilities and fire protection.
One additional factor should be given attention in considering the use of the ground-water reservoir. Any change in natural conditions will alter the ground-water regimen. For example, the installation of drains on the island would serve to lower the water table, locally at least, and would decrease the volume of fresh water in storage. If salt water were allowed to enter such drains, they would become potential sources of contamination. Also, paving large areas would eliminate infiltration of rain in those areas, and unless care were taken to dispose of the runoff so as to put it underground in comparable areas, the total replenishment would be reduced
proportionately.
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Gooseberry Neck
Occurrence of Ground Water
Fresh ground water in Gooseberry Neck occurs in both glacial drift and bedrock.
The glacial drift consists mostly of till, but lenses of sand and gravel were reportedly penetrated by some of the wells on the island Much of the glacial drift is above the water table and the saturated thickness is small. Consequently, even though the till nay be moderately porous and permeable locally, it contains only a small amount of water in storage.
The fresh-water body extends downward into the bedrock for some distance at least to 40 feet below sea level at well Westport 19. The storage provided by the bedrock is so limited, however, that the supply of fresh water soon is exhausted whenever wells in bedrock are pumped. . s ' % end of the test was £30 ppm.
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The water in the glacial drift occurs under water-table conditions, but locally the water in the bedrock nay be confined.
The depth to water on Gooseberry Neck ranges from a few feet to at least 18 feet. In December 1956, when water levels on the island were measured, the water table was nowhere more than 3 feet above sea level.
Just as on Horseneck Beach, recharge on Gooseberry Neck occurs by the infiltration of local precipitation, and discharge mostly by seepage to the sea. The surface of Gooseberry Neck is underlain chiefly by till. As till is much less permeable than beach and dune sand, it seems likely that the ratio of direct runoff to recharge is greater on Gooseberry Neck than on Horseneck Beach and that the rate of recharge on Gooseberry Neck is correspondingly less than on Horseneck Beach, Owing to the small area of Gooseberry Neck and the relatively small storage capacity of till and bedrock, the amount of fresh water stored in Gooseberry Neck is small. The available water probably is not adequate to support a draft of 150,000 gpd.
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QUALITY OF WATER
With respect to physical and chemical quality, the ground water of southeastern Massachusetts generally is satisfactory for most uses, but locally it has a high iron content and noticeable color and odor.
In addition, possible contamination by salt water must be considered when planning to develop ground water from sources near the sea. These Both recharge of and storage in this reservoir probably are adequate to provide the fresh water needed, but the question of withdrawing enough water while avoiding both saline and organic contamination is unresolved.
If salty water can be utilized for some of the facilities, such as toilets, showers, and fire protection, it seems likely that enough fresh water can be withdrawn for drinking and culinary use.
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